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Abstract 
 The black-crowned Central American squirrel monkey (Saimiri oerstedii oerstedii) has 
never been abundant, having been geographically restricted by its preferred habitat of low 
altitude secondary forest in Costa Rica and Panama. But heavy deforestation in the 20th century 
had a devastating effect on the population: the most recent survey, completed in 1996, estimated 
that fewer than 6000 individuals remained in the wild. Deforestation and subsequent habitat 
fragmentation remain the major threats to this squirrel monkey, while insecticide use in 
agribusiness and poorly insulated electrical wires also pose serious risks. 
 Costa Rica, with its international reputation as a leader in conservation actions, is in a 
position to reverse S. o. oerstedii's downward population trend. Conservationists and policy 
makers are limited by the absence of current population data, making a new survey a top priority. 
Further efforts must focus on habitat preservation and regeneration if this charismatic species is 
to survive in the long term. 
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Introduction 
 The Península de Osa in Costa Rica is home to 2.5 percent of the world’s total 
biodiversity. It boasts all four of the primate taxa found in Costa Rica: the mantled howler 
monkey (Alouatta palliata), the black-handed spider monkey (Ateles geoffroyi), the white-faced 
capuchin monkey (Cebus capucinus), and one subspecies of the Central American squirrel 
monkey (Saimiri oerstedii oerstedii). In June of 2013, I traveled to the Península de Osa on 
Costa Rica's Pacific coast to participate in a primate field school run by DANTA. Under the 
guidance of Dr. Kimberly Dingess, I collected range data on the endangered Saimiri oerstedii 
oerstedii (black-crowned Central American squirrel monkey). Over the course of this short field 
study, my interest in the species grew into an academic fascination and a strong conservation 
concern. This inspired me to write an honors thesis that would directly address pressing 
conservation needs in light of ecological data. 
 Costa Rica has a popular reputation as a world leader in sustainable development and 
environmental protection. It has spearheaded international conservation movements with the 
designation of land for national parks and such innovations as national environmental service 
payment programs. Tourism and the growing appeal of "ecotourism" have strongly incentivized 
Costa Ricans to preserve the scenery and wildlife that many foreigners have come to expect. 
Private nature reserves, established by local and international NGOs or ecotourism 
entrepreneurs, are working alongside the Costa Rican government to reduce the pressures of 
development (Wilson 2002). But the threat of deforestation and subsequent habitat loss or 
fragmentation still looms large for much of Costa Rica's wildlife.  
A Los Angeles Times columnist succinctly described one such Costa Rican resident, the 
Central American squirrel monkey, as "small, cute and furry-- and in danger of vanishing from 
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the Earth" (Miller 2002). Indeed, one team of researchers asks, "if an appealing monkey can... 
approach extinction [in Costa Rica], what are the realistic prospects for effective species 
conservation elsewhere?" (Boinski et al. 1998:46). For nearly three decades, primatologists and 
conservationists have noted a steep decline in Saimiri oerstedii population numbers in their 
historical habitat: "In 1983 the number of squirrel monkeys in Costa Rica was estimated at 
200,000" (Boinski et al. 1998:45). However, the most recent comprehensive population survey, 
completed in 1996, indicated a population of just 7000 individuals (Blair et al. 2013). Relative to 
historic levels, populations of the Central American squirrel monkey have been decimated. The 
IUCN Red List of Threatened Species lists Saimiri oerstedii as "Vulnerable" at the species level 
(Wong et al. 2008). 
The remaining population estimate of 7000 individuals is further divided into two 
subspecies, Saimiri oerstedii citrinellus and Saimiri oerstedii oerstedii; at the subspecies level, 
both are listed as "Endangered" by IUCN (Wong et al. 2008). The population of S. o. citrinellus 
was conservatively estimated at 1300-1780 individuals (Sierra et al. 2003; Blair et al. 2013).1 
This suggests an approximate population of 5220-5700 S. o. oerstedii individuals in Costa Rica 
and Panama.2 Central American squirrel monkeys have never been abundant, perhaps due to 
geographic or evolutionary forces that have restricted them to the Pacific wet lowlands of Costa 
Rica and Panama, but their current population trend is ominous (Boinski et al. 1998).  
This suggests that Costa Rica's private and public conservation efforts are not providing 
an effective level of protection for the squirrel monkey, a primate taxon that is "very charismatic                                                         
1 Although this subspecies is not the concern of this paper, it is worth noting "its populations are 
entirely fragmented" (Rylands and Mittermeier 2013, 391). 
 
2 Some biologists have recently considered S. o. oerstedii to be extinct in Panama (Zimbler-
DeLorenzo and Stone 2011). However, there are reports beginning in 2011 and continuing into 
2013 suggesting the existence of a small population (<50 individuals) there (Blair et al. 2013). 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and considered by many as a flagship species" (Blair et al. 2013:87). The squirrel monkey's 
present status could be due to a lack of current survey data, although there is no evidence to 
indicate a recent reversal in the population trend. Therefore, the possibility must be considered 
that conservation efforts that are specific to squirrel monkeys, as well as conservation practices 
with potential indirect effects on the species, urgently need improvement. 
This paper will first consider the natural history and ecological preferences of Saimiri 
oerstedii oerstedii in order to better understand its use and range of habitat. Previous field studies 
suggest that this species has a relatively large home range and prefers secondary forest to 
primary forest (Boinski 1987b). Current threats to S. o. oerstedii, especially the problem of 
deforestation, will also be considered. It is this information that will formulate the paper's 
purpose: to determine conservation actions that are most conducive to S. o. oerstedii habitat use 
and preference in the greater Osa region. 
Taxonomy 
The members of the genus Saimiri, which includes all Neotropical primates commonly 
referred to as squirrel monkeys, are distributed across South America and on the Central 
American isthmus. The multiple species in South America and the Central American squirrel 
monkey are separated by more than 600 miles (Thorington 1985). Although there has been some 
taxonomic debate about the relationship of the Central American species to its South American 
relatives, the modern consensus is that the Central American squirrel monkey (Saimiri oerstedii) 
is endemic to Costa Rica and Panama.3 
                                                        
3 P. Hershkovitz "postulated that the Central American squirrel monkeys were introduced by 
man" from South America. However, this hypothesis has fallen out of favor, having been 
disproven by modern genetics and by significant differences in behavioral patterns and 
morphology (Thorington 1985, 2; Boinski and Sirot 1997).  
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Saimiri oerstedii, often referred to locally as "mono tití" or simply "titi", is taxonomically 
split into two subspecies: the black-crowned Central American squirrel monkey (Saimiri 
oerstedii oerstedii) and the grey-crowned Central American squirrel monkey (Saimiri oerstedii 
citrinellus) (Wong et al. 2008). These subspecies can be distinguished morphologically by 
differences in pelage color on the head: "Both male and female S. o. oerstedi[i] have black 
crowns, whereas S. o. citrinellus have black and grey crowns, respectively" (Boinski and Sirot 
1997:184). A recent study by Blair et al. suggests that they can also be distinguished genetically 
by differences in mtDNA sequencing. However, they are able to breed and have hybridized in 
captivity we well as in the wild (Boinski et al. 1998; Blair et al. 2013).4  
The two subspecies are geographically isolated by the Río [River] Grande de Térraba, 
with the small population of S. o. citrinellus restricted to the Central Pacific region of Costa Rica 
and the slightly larger population of S. o. oerstedii inhabiting southwestern Costa Rica, including 
the Península de Osa, as well as areas in proximity to the border with Panama (Blair et al. 2013). 
This paper focuses specifically on the black-crowned Central American squirrel monkey. 
Undoubtedly there is overlap between the two Central American subspecies in the areas of 
ecology and conservation; indeed, much of the literature on these taxa generalize at the species 
level. However, the use of the term "squirrel monkey" from here and throughout the remainder of 
paper will be in direct reference to Saimiri oerstedii oerstedii, unless otherwise specified. 
Natural History 
 Much of the information on S. o. oerstedii is derived from studies by Dr. Sue Boinski, 
who conducted the first long-term field study of an individually recognized Saimiri troop in 1983 
                                                        
4 Boinski et al. suggest that wild hybrids of S. o. oerstedii and S. o. citrinellus around the Parque 
Nacional Manuel Antonio are the result of human-released S. o. oerstedii females rather than 
natural dispersal patterns (1998). 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and 1984 (Boinski 1987b). Although she has been inactive for the last decade, her work remains 
the most authoritative on this topic. 
 The S. o. oerstedii diet is seasonally variable and is comprised primarily of arthropods 
("particularly Orthoptera such as grasshoppers and katydids, and lepidopterous caterpillars"), 
small berry-sized fruits, and flower nectars (Boinski et al. 1998:48). Fruit and flower abundance 
is highest in the dry and early wet seasons and arthropod abundance is highest in the early wet 
season; the late wet season is typically a time of relatively low abundance of primary food 
resources (Boinski 1987b; Boinski and Sirot 1997). S. o. oerstedii has also been observed eating 
small bird, reptile, and mammal prey, such as "bird eggs and nestlings, anole lizards, tree frogs, 
and bats" (Rylands and Mittermeier 2013:391). The squirrel monkey's primary food items are 
predominantly "small, dispersed, and unpredictable in their location" (Rylands and Mittermeier 
2013). These qualities contribute greatly to ranging behavior, as will be illustrated later.  
 S. o. oerstedii live in multimale-multifemale groups, and troop size estimates range from 
35-65 individuals per group (Boinski et al. 2002). Contrary to observations of dominance 
hierarchies in South American Saimiri populations, the social relations of male and female 
Central American squirrel monkeys are egalitarian in nature. Troops experience relatively low 
levels of aggression. Direct food competition is avoided by maintaining distance between group 
members during foraging; however, approximately 3 to 4 individuals will share a small fruit 
patch without exhibiting aggression, and subgroup formation for foraging is rare (Boinski 1987b; 
Boinski et al. 1998; Boinski et al. 2002; Rylands and Mittermeier 2013).  
 Female S. o. oerstedii disperse before their first mating season, which occurs around 2.5 
years of age; first male reproduction occurs at age 4 (Boinski et al. 2002; Zimbler-DeLorenzo 
and Stone 2011). After a gestation period of 152-168 days, females give birth to a single 
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offspring at the time of the transition from the dry season to the early wet season; this time 
corresponds with increasing food abundance (Rylands and Mittermeier 2013). In Parque 
Nacional Corcovado on the Península de Osa, females in three troops exhibited a significant 
degree of birth synchrony, with a majority of females within each troop giving birth in a one-
week period (this is a pattern of intra-group birth synchrony as opposed to intergroup 
synchrony). This phenomenon is associated with a system of "cooperative vigilance" by females, 
which reduces predation on neonates by raptors and other predators (Rylands and Mittermeier 
2013:391). Notably, birth synchrony in this case is not associated with allomothering (Boinski 
1987a). Subsequent research indicates that Boinski's observations of this pattern in Corcovado 
apply to other S. o. oerstedii populations as well as S. o. citrinellus in Costa Rica. Infants are 
weaned during the early wet season when food is most abundant, and interbirth intervals are one 
year. Squirrel monkey individuals in captivity have lived for more than 12 years (Rylands and 
Mittermeier 2013).  
 The Central American squirrel monkey is the smallest of the Costa Rican primates, and 
differences between the two subspecies in body size are negligible. Adult S. oerstedii range from 
about 28-33 cm in length from the head to the base of the tail with an additional 33-43 cm in tail 
length. Males typically weigh between 750-950 g, and may gain as much as 20 percent of their 
body weight during a period of male fattening prior to the breeding season. Females average 
600-800 g (Rylands and Mittermeier 2013). 
 Due to its small body size, the Central American squirrel monkey is prey to a wide range 
of predators that include snakes, raptors, and mammals. Neonates in particular are vulnerable to 
raptor predation by chestnut-mandibled toucans (Rhampastos swainsoni), ornate hawk eagles 
(Spizaetus ornatus), collared forest falcons (Micrastur semitorquatus), grey hawks (Buteo 
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nitidus), roadside hawks (Buteo magnirostris), white hawks (Leucopternis albicollis), and red-
throated caracaras (Daptrius americanus) (Boinski 1987a).  
Habitat Use and Range 
 S. o. oerstedii live in lowland tropical evergreen forests on the southern Pacific coast of 
Costa Rica, including the Península de Osa. They are rarely found at elevations higher than 500 
meters above sea level and are most often found at altitudes lower than 300 meters (Boinski and 
Sirot 1997; Rylands and Mittermeier 2013). The entirety of the Península de Osa receives a 
minimum of 3500 millimeters of precipitation per year, with some areas receiving upwards of 
5000 millimeters per year (Christen 1994). There are regular fluctuations in rainfall that can be 
demarcated into four seasons: the dry season (January-March), early wet season (April-June), 
mid wet season (July-September), and the late wet season (October-December) (Boinski 1987b).  
 S. o. oerstedii prefer secondary forests, areas that receive high levels of light compared 
with primary forests. This availability of light allows for "denser, more continuous vegetation" 
that is "characterized by an abundance of vines and short trees" (Fleagle 2013:36). These areas 
can include edge and gallery forests. Within these forests, S. o. oerstedii is almost exclusively 
arboreal and is most often observed in the middle canopy and the shrubby understory 
(Rodríguez-Vargas 2003).  
 Successional growth habitats exist where areas of previously established vegetation have 
been naturally or anthropogenically modified to an earlier successional growth stage (Kent 
2012). A natural example of this would be a tree-fall. Human disturbance, such as clearing forest 
for use as agricultural land, also generates successional growth habitat. Boinski found that S. o. 
oerstedii utilize early second growth and second growth habitats more often than late 
successional forests. Squirrel monkeys most regularly travel on thin branches and lianas 1-2 cm 
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diameter, and they "seldom make horizontal leaps greater than 2 meters" (Boinski et al. 
1998:47). They feed primarily on fruits, flowers, and foliage-eating arthropods that can be found 
in relative abundance in second-growth habitat, as opposed to the proportionately greater amount 
of woody material found in primary forest, though food abundance in both habitats fluctuates 
seasonally (Boinski 1987b; Boinski and Sirot 1997).  
 Squirrel monkeys will enter primary forests when food is scarce, most often in the late 
wet season (Rylands and Mittermeier 2013). These forests are characterized by intense light 
competition by tall (up to 80 meters) and mature trees, a phenomenon that results in an almost 
continuous canopy. Relatively little light reaches the forest floor making for a dark understory 
with low levels of vegetation (Fleagle 2013).  
 Over an 11-month study period, Boinski found one troop to utilize 176 hectares of range, 
and subsequent data indicate that the average annual home range of an S. o. oerstedii troop is 
approximately 200 hectares. During this same longitudinal study, the focal study troop was 
believed to have used only three sleeping trees, indicating a possible limiting relationship 
between day range and fidelity to sleeping sites. Despite this, there was no evidence of a 
consistent core area of exploitation, as sleeping sites alternated (Boinski 1987b; Boinski et al. 
2002). While annual squirrel monkey home ranges can and do overlap with those of other 
squirrel monkey troops, they are rarely in close proximity to each other, and intertroop 
aggression has not been documented outside of the breeding season (Boinski 1987a). Home 
range alters seasonally as changes in food abundance require more or less forest area to be used 
for feeding and foraging activities. Because the late wet season is typically the time of greatest 
food stress, squirrel monkeys exploit a larger range area than in other seasons. Therefore, 
Boinski et al. assert that: "the minimum habitat required to sustain a troop over the long term is 
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undoubtedly best represented by the extent of its habitat needs during the rainy season" 
(1998:48-49).  
Site Description and Methods 
 As noted in the introduction, in June of 2013 I visited the Península de Osa to collect 
pertinent range data on one S. o. oerstedii troop. This troop utilized some or all of the land 
managed by Osa Conservation, an NGO with two field stations on the Península de Osa, one of 
which served as my base of operations for the study period. Osa Conservation is one of many 
privately funded nongovernmental organizations on the peninsula that is working to protect the 
Osa's unique biodiversity, including its primates. This organization seeks to establish wildlife 
refuges and biological corridors on the Osa by acquiring property for protection from 
development (Osa Conservation 2013). My relationship with Osa Conservation was facilitated 
by a four-week field course in primate behavior and conservation offered by DANTA: 
Association for Conservation of the Tropics, a U.S.-based non-profit organization that promotes 
education as a crucial part of effective conservation policy (DANTA 2013).  
 Located on one of Osa Conservation's properties is the Piro Research Station (08º24.12’ 
N, 83º20 W), a biological field station that served as the central site for this research. The 1700-
hectare property that surrounds the field station is comprised of primary and secondary 
successional forest habitats, mangrove and beach habitat, and the Río Piro (Osa Conservation 
2013). Data were collected on five consecutive days, from June 20 to June 24, 2013, during the 
early wet season. 
 The area was surveyed for squirrel monkeys using marked and maintained trails; little to 
no data were taken from areas outside of the trail system, with the exception of data collected on 
site of the research station. All sightings were presumed to be of the same troop due to the 
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frequency of exploitation of the same foraging spots over a relatively short time period (5 days).5  
 The researcher utilized scan sampling of the group and instantaneous recording at 30 
second intervals for a total of 10 recordings in each 5 minute period. At each 30-second interval, 
the researcher scanned for 5 seconds and recorded with a tick mark the feeding or locomotor 
behaviors of any visible animals. Feeding behaviors included consumption of “ripe fruit” and 
“unripe fruit” (as determined by color, with any visible amount of green being sufficient to 
categorize the fruit as “unripe”), “insects”, and “leaves”. Data on foraging behavior (i.e. stalking, 
rather than consumption of, insect prey) were not recorded. Locomotor behaviors were 
categorized as “quadrupedal walking” or “quadrupedal running” on tree branches or trunks, and 
“leaping” from one tree branch or trunk to another. Each recorded datum was regarded as 
mutually exclusive by the researcher. Observed squirrel monkey activities in lower shrub forest, 
middle forest canopy, and upper forest canopy were differentiated in order to determine habitat 
preference. Any behaviors that could not be categorized as feeding or locomotor behaviors were 
recorded as “other” and specified. A total of 8 data sets were recorded; some of these sets were 
successively recorded in the same location and at approximately the same time. 
 For each recorded data set, the researcher used a GPS tracker to determine the 
coordinates of squirrel monkey activity. This information was then used to determine the 
minimum home range of the troop over the 5-day period. Because of the limitations of the trail 
system and the lack of any full day follows, as well as the short-term nature of the study, any 
conclusions based on the GPS data should be treated as a minimum determination of squirrel 
monkey ranging behavior. A total of 9 sets of GPS coordinates were recorded, 3 of which are 
without accompanying behavioral data sets.                                                         
5 As mentioned previously, squirrel monkey troops are rarely in close proximity to each other, 
and troops appear to "veer apart when within 150-200 meters of each other" (Boinski 1987a).  
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Results 
 A total of 135 behaviors were recorded in 8 data sets. The earliest daytime sighting of the 
squirrel monkey troop occurred at 6:23am on June 21, 2013, and the latest daytime recording of 
troop behavior occurred at 4:58pm on June 20, 2013.  
 Feeding Activity 
 The consumption of ripe fruit and insects by S. o. oerstedii was comparable at each forest 
strata: 15 incidences of ripe fruit consumption and 18 incidences of insect consumption were 
observed. Similarly, differences in ripe fruit and insect feeding at shrub and mid-canopy level are 
insignificant, though the lack of data for ripe fruit at the canopy level and the infrequency at that 
level for insect feeding has implications for habitat preference. No incidences of unripe fruit 
consumption were observed. 3 observations of leaf consumption were recorded.6 
 
Fig. 1: All recorded incidences of feeding activity by food type and forest strata 
 Locomotor Activity 
 Observed incidences of quadrupedal walking on branches or tree trunks occurred most 
frequently (57), followed by leaping (24), and quadrupedal running (2). Further, locomotion at 
the shrub level was most common (47 observations), followed by mid-canopy (27), and canopy                                                         
6 The accuracy of these observations will be explored in the Discussion section of this paper. 
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(9). Squirrel monkeys were never observed on the ground. Therefore, quadrupedal walking at the 
shrub level was the locomotor behavior most frequently observed. 
 
Fig. 2: All recorded incidences of locomotor behavior by forest strata 
 
 Other Activities  
 There were 17 recorded behaviors categorized as "other". These behaviors included 
"resting" (8), "scratching" (2), "pausing" (2), and "playing" (2). "Pausing" was distinguished 
from "resting" when it appeared that the subject was temporarily ceasing an activity, such as 
eating or locomoting, with the apparent intention of continuing that activity. "Resting" was 
recorded when there was no evidence of an activity taking place immediately before or after the 
observation, other than to remain immobile. 
 Forest Level Preference 
 Of a total of 135 recorded behaviors, 48% (65) took place in shrub forest, 36% (49) in the 
mid-canopy, 8% (10) in the canopy, and 8% (11) of behaviors were not specified by forest level. 
This demonstrates a slight preference for shrub forest and a clear preference for the combined 
habitats of shrub and mid-canopy forest levels.  
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Fig. 3: Recorded squirrel monkey activity by tree level. Includes feeding behavior, locomotor activity, 
and activities classified as "other". 
 
 Ranging Behavior 
 The shaded area in Fig. 4 constitutes the minimal calculated range of the S. o. oerstedii 
troop studied in proximity to the Piro Research Station, based on GPS coordinates that were 
recorded for 9 of the troop sightings from June 20-June 24, 2013. This area is roughly estimated 
to equal 14 hectares. The range is bisected by a road, and the Río Piro runs through this range 
area to the east. The four points to the northeast of the region are located on the periphery of the 
Piro Research Station. 
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Fig. 4: Squirrel monkey troop sightings over a five-day period in the early wet season. 
 
Discussion 
 In line with previous longitudinal field studies, these observations of S. o. oerstedii on the 
Península de Osa confirm this species' preference for the shrub and mid-canopy levels of the 
rainforest. While it consumes ripe fruit at these levels, there were no observed incidences of 
unripe fruit consumption over the study period, suggesting that S. o. oerstedii does not consider 
unripe fruit a potential food item when other food items are available. Further, the researcher's 
observations of leaf-eating by 3 squirrel monkeys on June 22, 2013, are challenged by an 
assertion from Boinski et al.: "[No] study... reported a squirrel monkey eating non-reproductive 
plant material" (2002:241). While these recorded incidences of leaf-eating in squirrel monkeys 
may be a rare glimpse into this feeding behavior, it is possible that these were in fact incidences 
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of S. o. oerstedii eating insects that were on leaves. 
 Observations regarding locomotion aligned well with the existing literature on the 
species. Boinski et al. state that "squirrel monkeys travel primarily by walking quadrupedally on 
the top of and leaping on and between their preferred substrates" (2002); my data demonstrate 
that quadrupedal walking, followed by leaping, were highly favored in the shrub and midcanopy 
strata.  
 As depicted in Fig. 4, there is one road that nearly bisects the range, a small river, and a 
biological field station located in the middle of a man-made clearing. This demonstrates squirrel 
monkey tolerance of disturbed habitat and of their preference for secondary forest. The road did 
not act as a barrier to movement between fragments because there was significant branch 
overhang, allowing squirrel monkeys to move from one fragment to the other. Further, 4 out of 9 
coordinates recorded over 5 days were located in close proximity to human activity in edge 
forest with second-growth vegetation. 
 The observed ranging behavior of this troop totaled an area of about 14 hectares. This is a 
small fraction of the suggested 176-200 hectare annual home range of a S. o. oerstedii troop. 
Although this does not mean that the ranging data are incorrect, it does indicate that the scope of 
this study was far too small to provide conclusive ranging data. Accurate annual range data 
would, by definition, require at least one year's worth of observations, particularly because of the 
effect of seasonality on food abundance. Further, the ability to clearly distinguish between 
multiple S. o. oerstedii troops would allow the researcher to accurately determine the degree of 
home range overlap between troops, as well as to ensure the accuracy of individual troop range 
behavior. Lastly, there is an inherent bias in trail systems that limit (and also overemphasize) the 
study of forest wildlife: while certain areas of the forest remain off limits to the researcher 
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(though not necessarily to her subjects), other areas are disproportionately explored because of 
the presence of trails and clearings. These problems could be resolved with a longitudinal field 
study of at least one year in which the researcher becomes fully acquainted with her subjects to 
the point of individual identification. Range data could be collected along mapped and clearly 
demarcated linear transect lines to avoid biases from trail systems. Also, the collection of 
quantitative data for habitat description (using measurements such as tree height, tree density, 
and fruit abundance) would have ensured a more objective and replicable research design. 
Threats 
 By far the principal threat to squirrel monkeys and greater Costa Rican biodiversity is 
deforestation, and much of that deforestation has occurred in less than a century. As late as 1950, 
90 percent of Costa Rica was covered in forest (Evans 1999). At the time Sue Boinski was 
conducting her longitudinal field study on S. o. oerstedii in the mid-1980s, the rate of 
deforestation in Costa Rica was 4 percent per year; in 1980, one-third of the country was devoted 
to pastureland for cattle alone.7 By 1990, only 25 percent of Costa Rica remained in forest cover. 
Crops grown primarily for export, such as bananas, coffee, and palm oil, were and continue to be 
large contributors to deforestation (Evans 1999). Development for tourism, which can include 
such infrastructure as roads, hotels, stores, and electrical lines, further erodes squirrel monkey 
habitat (Boinski et al. 1998).  
 The Península de Osa was historically isolated and had an extremely low human 
population density relative to other areas of Costa Rica. It was not until the mid-twentieth 
century that activity and in-migration picked up, partially in response to the discovery of gold 
deposits on the peninsula. Despite gradual increases in population and industry, the Osa today                                                         
7 Evans reports that forest cover in Costa Rica may have been as high as 90 percent of total land 
area as late as 1950. By 1990, this number had dropped to 25 percent (1999). 
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continues to be regarded as the least developed region of Costa Rica, partially due to its history 
of isolation and subsequent lack of agricultural investment by such multinational giants as 
United Fruit in the nineteenth and twentieth centuries (Christen 1994). However, this has not 
buffered the greater Osa region from the threat of deforestation today. 
 The decline of S. o. oerstedii populations is directly linked to deforestation, whether for 
agriculture and pasturelands or tourist infrastructure, and is compounded by the closely 
associated problem of habitat fragmentation (Boinski 1985). Statistics on forest cover can be 
misleading if one does not also examine the continuity of those forests, as fragmentation can 
isolate existing squirrel monkey populations while deforestation simultaneously reduces 
exploitable range. Isolated populations in small forest fragments have the bleakest prospects 
because natural dispersal patterns and subsequent gene flow are disrupted (Strier 2010). 
Population and range data for S. o. oerstedii indicate "local extinction is almost certain when a 
group contains fewer than 15 members and less than c. 30 ha available habitat" (Boinski et al. 
1998:47). 
 The conversion of previously forested habitat to a tree-less landscape is a palpable 
consequence of deforestation. But other less obvious changes to the surrounding ecosystem also 
take place, and these changes can render remaining forest tracts uninhabitable or incapable of 
sustaining viable populations. One of these is the unintended effect of exposing new areas of 
forest to invasive or exotic species. The results of a study in Thailand by Gibson et al. (2013) 
suggest that invasive species can play a significant role in the destabilization of native fauna in 
fragmented habitats. This study analyzed the local extinction rate of mammals on relatively small 
island fragments (the largest comprised of 56.3 hectares of land) created after the construction of 
a dam and the consequent formation of a large reservoir in an area surrounded by protected 
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forest. Researchers found that after 25 years of isolation, "all islands were dominated by the 
invasive rodent [Rattus tiomanicus] and if not already in ecological meltdown, were well on their 
way to becoming Rattus monocultures" (Gibson et al. 2013:1510). Costa Rican forests are no 
less vulnerable to invasive species than forests in Thailand. As of this writing, there are no 
published reports of direct competition with S. o. oerstedii for resources by an invasive species in 
fragmented habitats, but conservationists must remain vigilant.  
 Perhaps somewhat counterintuitively, allowing secondary successional growth habitat to 
mature into primary forest to complete the regeneration process following deforestation puts 
squirrel monkeys at greater risk for loss of habitat. "Many of the plant genera that define early 
successional growth in Pacific lowland Costa Rica, including Cecropia, Piper, Miconia, 
Palicourea, and Lycianthes, provide most of the fruit and arthropod components of the squirrel 
monkey diet"  (Boinski et al. 1998:56). Indeed, Boinski suspects that the local extinction of S. o. 
oerstedii in one protected area of Parque Nacional Corcovado on the Península de Osa between 
1979 and 1982 was the result of secondary succession into more mature forest (Boinski and Sirot 
1997). Without effective forest management strategies, forest regeneration in conservation areas 
could be devastating to remaining squirrel monkey populations. 
  Forest areas surrounding newly deforested land also experience the edge effect, 
characterized by abiotic changes in environmental conditions such as solar radiation and light 
intensity, precipitation, exposure to wind, temperature, and innumerable other factors. This 
"alteration of the microclimate" can drastically change the vegetative make-up of the new forest 
edge by altering plant species distribution and abundance; consequently, previously congruent 
floral and faunal species interactions change, altering the distribution of faunal species and even 
leading to local extinction (Marsh 2003, 3).  
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 Whether or not edge effect is a threat to squirrel monkeys depends largely on the degree 
of forest fragmentation it is associated with. Edge effect can result in desertification in extreme 
cases, but in the tropical moist forests of Costa Rica, it is more likely to rebound into second-
growth habitat, complete with pioneer species and dense, low-level vegetation. This creates 
habitat zones that are otherwise not found in continuous primary forest (Marsh 2003). Because 
secondary forest is the preferred habitat of squirrel monkeys, the new generation of secondary 
growth plant species may be a constructive effect of deforestation for S. o. oerstedii populations. 
However, it is important to consider that second growth habitat is of little use to squirrel 
monkeys when habitat fragmentation renders it inaccessible.  
 Boinski and Sirot also cite "anecdotal" evidence of other significant threats to S. o. 
oerstedii populations, including the deleterious effects of insecticides used by Costa Rican 
agribusiness firms (1997:185). Bananas (Musa) and oil palm (Elaeis guineensis) are two of the 
largest export-oriented agricultural industries in Costa Rica, and plantations are often extensive. 
Thus far, these plantations are not as pervasive on the Península de Osa as in other areas of Costa 
Rica, but they are nonetheless a significant part of the landscape. Insecticides appear to have a 
twofold effect on squirrel monkey viability: one is direct toxicity on squirrel monkeys ranging in 
and around banana and oil palm plantations. Another is the effect of insecticides on arthropod 
abundance, causing a reduction in numbers of what comprises a central part of the squirrel 
monkey diet (Boinski and Sirot 1997). The danger of insecticides is particularly troubling 
because squirrel monkeys have been observed using plantations as corridors between otherwise 
isolated fragments of exploitable forest (Boinski et al. 1998).8  
 S. o. oerstedii also utilize power lines to bridge gaps between forest fragments, as                                                         
8 Squirrel monkeys are typically not regarded as pests on banana or oil palm plantations because 
they rarely exploit bananas or oil palm fruit as food items. 
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evidenced by the presence of electrocuted carcasses within proximity of power lines and by 
direct observations of squirrel monkeys traversing power lines (Boinski et al. 1998). The 
clearing of forest area for poles and wires is often the very reason for the existence of these forest 
gaps, and to this arboreal primate, the power lines offer the more natural alternative to terrestrial 
crossings. Consequently, electrocution by poorly insulated electrical wires has become a major 
threat with the continuing expansion of the Costa Rican electricity and telephone networks 
(Boinski and Sirot 1997).  
 Both the pet trade and hunting pressures remain as lesser but persistent threats to squirrel 
monkeys. In 1998, S. Boinski and her colleagues encountered an unexpected number of squirrel 
monkeys being kept illegally as pets in private residences and in zoological gardens, as well as a 
troop that was being fed by restaurant patrons and staff in an apparent attempt to maintain the 
troop as a tourist attraction. Hunting of squirrel monkeys is less a human strategy for meat 
acquisition than "an effective deterrent to crop raiding" of garden produce (Boinski et al. 1998).  
  It is possible that some isolated populations of squirrel monkeys are already in an 
extinction vortex, representing little of the taxon's original genetic variation and experiencing 
limited potential for gene flow. These problems are compounded by an increased risk of 
inbreeding due to constrained prospects for natural female dispersal (Strier 2010). The 
completion of a survey led by S. Boinski in 1996, which sought to document squirrel monkey 
troop localities in Costa Rica by visual confirmation in areas without recent or definite 
confirmation, provided a grave prognosis for the long-term genetic viability of the Central 
American squirrel monkey. Based on these survey results, population estimates of S. o. oerstedii 
are at serious risk of falling below Russell Lande's criterion of the 5000 individuals necessary to 
avoid inbreeding depression (Boinski et al. 1998). 
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Conservation 
 Costa Rica is a leader among developing nations in navigating the tension between 
development and environmental preservation. It has the largest proportion (11 percent) among 
Central and South American countries of public land reasonably protected in its national parks, 
reserves, and wildlife refuges (Boinski et al. 1998). But threats to the Central American squirrel 
monkey persist, making a reevaluation of current conservation practices necessary if there is to 
be any chance of population rebound and long-term survival for the species. 
 First and foremost, there is an urgent need for a simultaneous effort to 1) determine all 
localities of habitat being utilized by S. o. oerstedii troops, and 2) ascertain any imminent threat 
to these habitats in order for these threats to be promptly addressed on a case-by-case basis. 
Preliminary estimations based on visual confirmations of squirrel monkey troop localities are 
important because they would allow for quick action for troops in dire straits. Surveys that are 
exhaustive in their determination of population numbers and localities are also necessary. The 
population of the Central American squirrel monkey has not been comprehensively assessed for 
nearly two decades and current population estimates are based solely on projections from earlier 
survey data. In order for conservation priorities to be established, a clearer picture of the problem 
must be available. 
 Remaining squirrel monkey forest habitat must be protected from new human settlement, 
agricultural cultivation, and tourist infrastructure, especially on the Península de Osa where 
potential for development and deforestation is greater than many regions of Costa Rica. At 
present, it seems that S. o. oerstedii can only be found in two federally protected tracts of land: 
Parque Nacional Corcovado [Corcovado National Park] and the Refugio Nacional de Fauna 
Silvestre [National Wildlife Refuge] (Boinski et al. 1998). Budget constraints limit the capacity 
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of the federal government to purchase new public land from private landholders for national 
parks, reserves, and wildlife refuges (Miller 2002).  
 Park management has also fallen victim to budget restraints, as is demonstrated by 
failures in Corcovado: "in an attempt to compensate displaced local residents the Costa Rican 
government set up a buffer zone next to the park (Gulfo Dulce Forest Reserve); within this area 
hunting, mining, and timber extraction were allowed, but the lack of political will and national 
funding to monitor extraction has led to a spillover of these activities into the park" (Borgerhoff 
Mulder and Coppolillo 2005:240). The survey by Boinski et al., the results of which were 
published in 1998, established that the Península de Osa of Costa Rica was (at that time) home to 
approximately 13 S. o. oerstedii troops, at least 5 of which resided in Parque Nacional 
Corcovado. This suggests that ineffective park management may have a direct negative effect on 
squirrel monkey habitat. It is vital that the federal government prioritize the protection of its 
existing parks by providing at least enough funding for protection from deforestation within park 
borders.  
 At least 65 private reserves in Costa Rica are registered with the government and hold 
over 185,000 hectares of protected land in addition to the park system; many more unregistered 
private wildlife reserves increase overall protected land holdings (Kull et al. 2007). They are 
often in areas that provide buffer zones for nationally held conservation lands. Private reserves, 
some of which offer education programs to the public and contain biological field stations for 
ecological research, provide a valuable service in the fight against diversity loss by protecting 
land that would otherwise be vulnerable to commercial or residential interests. On the other 
hand, there is no monitoring body with any authority over these reserves and some of them have 
developed reputations among locals as catering to the elite (Borgerhoff Mulder and Coppolillo 
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2005). With this in mind, private nature reserves should be considered important allies in S. o. 
oerstedii conservation efforts, but the absolute privatization of squirrel monkey habitat is not a 
recommended solution. 
 A relative of private nature reserves is the ecotourism industry, a system that provides 
"economic incentives to increase the participation of local people in conservation" (Strier 
2010:673). Tourism is a thriving industry in Costa Rica: in 2011, over two million international 
tourists visited the country (World Bank 2011). Ecotourism, an increasingly popular subsidiary 
of Costa Rican tourism, promotes the preservation of rainforest habitats and ecosystems by 
commodifying them at an equal or even higher rate than that same land would be valued if it 
were deforested for agricultural commodities. There are, however, major drawbacks to the 
tourism industry. For squirrel monkeys, "their natural shyness makes them easily stressed by 
tourists" (Rylands and Mittermeier 2013:392). Also, the tourist industry requires tourist 
infrastructure, including roads (potential sources of habitat fragmentation), hotels and lodging 
(often located on beachfront property, a favorite squirrel monkey habitat), and power and 
telephone lines (potential sources of habitat fragmentation and electrocution) (Boinski et al. 
1998).  
 Any break in the forest, whether for roads or power and telephone lines, is a potential 
source of severe fragmentation and a threat to squirrel monkeys. But there is a feasible solution 
that could lessen or reverse these byproducts of development: the construction of monkey 
bridges. As of this writing, there is scant quantitative data on the effectiveness of monkey 
bridges in combating the extinction vortex. However, the established use of power lines by 
squirrel monkeys as bridges for traversing narrow clearings strongly suggests that safer 
alternatives would be utilized. Monkey bridges should be placed along commonly used travel 
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routes and will provide a means for the terrestrially-shy S. o. oerstedii to have access to multiple 
forest fragments. Monkey bridges do not resolve problems with ongoing deforestation, but they 
could reduce the pressures of fragmentation and prevent population isolation. 
 The thoughtful placement of monkey bridges near power and telephone lines would also 
reduce the threat of electrocution by poorly insulated wires. This would be most valuable in areas 
where electrical wires also serve as links between fragmented habitats. Other changes to power 
delivery systems would also sharply reduce the threat of electrocution for squirrel monkeys, as 
well as other animal species. One of these is improvement in the insulation of electrical wires. 
Another solution is to bury power lines, which would have the additional benefit of reducing 
(though not eliminating) tree and bush clearance where power and telephone systems are 
installed (Boinski et al. 1998). 
 The development of biological corridors to connect fragmented habitats is another 
potential conservation strategy. Corridors would increase the area of exploitable habitat for 
isolated populations as well as increase the prospects for natural dispersal and gene flow. Efforts 
to establish biological corridors for the primary benefit of other animal species already exist in 
Costa Rica and other parts of Latin America (see Mesoamerican Biological Corridor for one 
example). First and foremost, conservationists must ensure that the Osa squirrel monkey 
populations are connected to each other with continuous forest that is conducive to squirrel 
monkey habitat preferences. Second, a continuous biological corridor that would connect the 
seemingly disjunctive S. o. oerstedii populations on the Península de Osa with those on the 
mainland side of the Gulfo Dulce should be given serious consideration. This would be an 
ambitious undertaking, but it may prove a crucial step for long-term species survival.  
 For all habitat-oriented conservation efforts, it is vital that secondary growth forests be 
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maintained in order to preserve the preferred habitat of S. o. oerstedii. Assessments of secondary 
growth lowland forests on the Península de Osa are necessary to establish potential squirrel 
monkey habitat for protection and regeneration. (This information would also be useful for 
biological corridor projects.) Forest management is the key here. While it is important that 
management strategies do not conflict with the needs of those plant and animal species that 
require mature primary forest, secondary growth must also be prioritized.  
 Relocation and reintroduction from captive breeding programs should not be considered 
alternatives to other conservation initiatives because the availability of viable squirrel monkey 
habitat on the Osa and in greater Costa Rica is increasingly limited. Further, relocation efforts 
would likely require the movement of a cohesive troop (rather than the artificial integration of 
individuals) to minimize social disruptions, a dubious undertaking at best considering the typical 
troop size of 35 to 65 members in the wild. However, if viable habitat is secured in the future, 
then limited captive breeding programs could be initiated in order to facilitate rapid population 
recovery. Because the interbirth interval for squirrel monkeys is one year, potential for 
population recovery in captivity could be high. Further, neonates would not be subject to the 
same levels of predation as they would in the wild, possibly improving infant mortality.9 If 
captive breeding programs are initiated, it will be important to maintain separate facilities for S. 
o. oerstedii and S. o. citrinellus in order to avoid artificially induced outbreeding (Blair et al. 
2013). Because captive breeding should not be prioritized at this stage of squirrel monkey 
conservation, a detailed account of captive breeding strategies is not warranted at this time. More 
information on this topic is available in Boinski and Sirot 1997 and Blair et al. 2013, as well as 
                                                        
9 Infant mortality rates in wild populations are unknown. However, predation on neonates by 
raptors and other predators is presumed to be a severe threat based on the close association of 
squirrel monkey birth synchrony and cooperative vigilance by females. 
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the study by Keirulff et al. 2012 highlighting the success of captive breeding programs for the 
Golden lion tamarin. 
Further Research 
 Apart from extensive population surveys, other research must be conducted to maximize 
the effectiveness of squirrel monkey conservation strategies. Behavioral patterns for monkey 
bridge use, as well as studies designed to determine the best areas for monkey bridge placement, 
are a crucial first step for this strategy to produce the desired outcome. It would also be important 
to note any increased risks to predation to squirrel monkeys that exposure on monkey bridges 
may entail. Also, the establishment of biological corridors as well as management of second-
growth habitat should be supplemented by research on squirrel monkey plant preference for 
food, travel, and sleeping sites.  
Conclusion 
 As a global leader in environmental conservation, Costa Rica has made strides in the 
areas of species conservation and ecosystem preservation. Yet these conservation efforts have 
not resulted in a population rebound for the Central American squirrel monkey, a flagship 
species with popular appeal. Squirrel monkey populations have dramatically declined in just 
three decades, from an estimated 200,000 to less than 6,000 individuals, and the Península de 
Osa is one of only a few areas still able to sustain troops. The current conservation strategy must 
be reevaluated and reprioritized in order to protect squirrel monkeys from the principal threat to 
long-term species survival, habitat loss. 
 Forests must be effectively protected from deforestation and fragmentation. Protecting 
the forest also requires forest management, as habitat loss can be both anthropogenically-driven 
and a consequence of the natural process of succession. Small breaks in otherwise continuous 
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forest can be addressed with the construction of monkey bridges, which could provide safe and 
effective passage over short distances. For fragments that are separated by too far a distance for 
monkey bridges to be a practical solution, biological corridors should be established to connect 
disjunctive S. o. oerstedii populations that might otherwise remain isolated. A detailed survey 
that specifically identifies current squirrel monkey population size and locations is urgently 
needed for the successful implementation of any of these conservation strategies. At a time when 
primate taxa around the world are increasingly being marginalized by human encroachment, the 
time is now to ensure the habitat preservation for this charismatic primate. 
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